An endonuclease partially purified from human lymphoblasts, and active against ultraviolet-irradiated DNA, was found to act additionally on DNA damaged by either x-radiation or methylmethanesulfonate. To determine if these activities were truly endonucleolytic, the reaction products were analyzed under conditions that prevented conversion of apurinic or apyrimidinic sites to single-strand breaks. With either ultraviolet-or x-irradiated DNA, strand breakage remained maximal, hence confirming the endonucleolytic character of the enzyme. By contrast, with DNA alkylated with methylmethanesulfonate, strand breakage was sharply reduced. Additional experiments indicated that the activity for alkylated DNA induces strand breaks only in concert with a purified endonuclease specific for apurinic sites, suggesting that it is an N-glycosidase that depurinates alkylated bases. This enzyme was separated from the endonuclease specific for irradiated DNA, by chromatography on DNA-agarose.
INTRODUCTION
The first step in the excision repair of DNA requires recognition of the damage, and endonucleolytic scission of the DNA strand adjacent to the lesion. Several enzymes capable of performing these functions have been purified. Endonucleases isolated from Micrococcus lntens 1 ' 2 , lischerkhia coli 3 , and T 4 -infected IS. coli A > 5 specifically incise ultraviolet (UV)-irradiatcd DNA adjacent to pyrimidine dimers. Other endonucleases highly specific for apurinic and apyrimidinic (AP) sites in DNA have been purified from /:. coli 6 , calf thymus 7 , and human lymphoblasts 8 . Yet another group of enzyme activities, identified in both microbial 9 and mammalian cells 10 " 13 , produce endonucleolytic cleavage of DNA containing base damage (distinct from UV dimers) that is induced by either UV-or ionizing radiation.
Most recently, a new class of enzymes that recognize abnormal bases in DNA (e.g., uracil) has been identified in bacteria 14 - 15 and human cells 16 . Termed N-glycosidases, these enzymes cleave the base from the deoxyribose moiety, leaving an AP site 15 . The initial steps in excision repair might therefore involve both an N-glycosidase, to recognize the damage, and an endonuclease specific for apurinic or apyrimidinic sites, to produce strand scission.
2445 © Information Retrieval Limited 1 Falconberg Court London W1V5FG England I previously described the purification and separation of two endonucleases, one specific for DNA containing AP sites (AP-endonuclease), and the other specific for DNA containing UV-induced (nondimer) base damage (UV-DNA endonuclease) 8 >' 7 . In the present study the partially purified activity specific for UV-induced base damage was tested for activity against DNA damaged by either x-rays or methylmethanesulfonate (MMS). Subsequent experiments indicated that the activities for UV-or x-irradiated DNA were truly endonucleolytic, while that for alkylated DNA was produced by a distinct activity that is most likely an Af-glycosidase.
MATERIALS AND METHODS
Enzyme purification: UV-DNA endonuclease and AP-endonuclease were both partially purified from cultured human lymphoblasts (CCRF-CEM line) as previously described 8 .
Endonuclease assays: Endonuclease activity was assayed by measuring the conversion of covalently closed superhelical PM2 viral DNA to nicked circles. 10 In assays with the UV-DNA endonuclease preparation, the reaction mixture contained, in a final volume of 120 fi\, 10 mM
TrisHCl (pH 7.5), 2 mM EDTA, 10 mM Nad and about 0.1 ng of PM2 DNA labeled with (Fig. 3B) . The time course for the combined action of the enzymes was again simply additive.
In contrast to the preceding results, the UV-DNA endonuclease on its own showed very low phosphodiesterase activity with the alkylated DNA ( Activity assayed in the presence of Mg w (0.5 mM) with DNA partially depurinated by heating to 70°C for 10 min at pH 5. Activity assayed in the presence of £DTA (2 mM) with UV-irradiated DNA (1000 J/m 2 ). Activity assayed in the presence of purified AP-endonuclease and Mj^* (0.5 mM), with DNA alkylated by MMS (6 X lO^M for 20 min at 3?°C). DNA was analyzed by filter binding assay.
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endonuclease acting on UV-or x-irradiated DNA, it was of interest to determine the chromatographic behavior of these activities during purification on DNA-agarose. Column chromatography was exactly as previously described 8 . In addition to assays with UV-or x-irradiated DNA, activity against MMS-treated DNA was also determined, the assay mixture containing Mg* at 0.5 mM and purified AP-endonuclease. The peak of activity eluting at 0.4 to 0.5 M NaCl in Fig. 5 represents the enzymatic production of AP-sites identical with that seen in Fig. 3C and Fig. 4 . This peak was clearly separate from the endonuclease activity for UV-irradiated DNA and also from AP-endonuclease. The endonuclease activity for x-irradiated DNA chromatographed in the same region as that for UV-DNA (not shown in Fig. 4 ).
DISCUSSION
The experiments reported here show that an enzyme preparation partially purified from human lymphoblasts, and termed UV-DNA endonuclease, recognizes alkali-stable lesions in x-irradiated and alkylated DNA as well as UV-irradiated DNA. Moreover, kinetic studies ( Fig. 3) indicate that the strand-breaking activity of this preparation on alkali-stable sites in UV-irradiated or x-irradiatcd DNA is not dependent on the addition of AP-endonuclease, and therefore is truly endonucleolytic. The possibility that strand scission is effected by contaminating AP-endonuclease can be discounted since under the conditions of the assay (i.e.
2mM EDTA) UV-DNA endonuclease contained no activity for depurinated DNA. This endonuclease is very similar to that from calf thymus which is specific for both UV-and x-irradiated DNA 12 . The nature of the lesion recognized by the UV-DNA endonuclease, although it might be of the same type as the thyminc glycol product induced by both UV and gamma radiations 21 , is still uncertain. It is tempting to speculate that the activity plays a role in the excision repair of an x-ray-induced lesion that is defectively repaired in cells from individuals with ataxia telangiectasia, an inherited human disease characterized by unusual x-ray sensitivity 22 .
In contrast to phosphodiesterase activity with UV-or x-irradiatcd DNA, strand breakage in MMS-treatcd DNA was highly dependent on the addition of AP-cndonucIeasc. This result strongly suggests that the activity specific for the alkylated DNA is a distinct enzyme and quite probably an /V-glycosidase. Examination of the chromatographic behavior of this activity, on DNA-agarose, has shown that the peak of activity specific for alkylated DNA does not in fact coincide with the peak of UV-DNA endonuclease clutcd from the column (Fig. 5) ; the latter activity eluted at 0.3-0.4 M NaCl while the enzyme acting on alkylated DNA eluted at 0.4-0.5 M NaCl. Only about 25% of the alkylated sites were attacked by this enzyme (Fig.   2 ), suggesting that it has a preference for specific methylated bases. Preferential loss of
